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SPECIFICATION 



THIN MESH MATERIAL, MANUFACTURING METHOD OF THE SAME, AND 
MANUFACTURING DEVICE OF THE SAME 

TECHNICAL FIELDS 

This invention relates to thin mesh materials, manufacturing method of the same, and manufacturing 
device of the same. In further detail, this invention relates to thin mesh material to which a high density 
fine mesh process is applied, manufacturing method of said thin mesh material using UV ray, and 
manufacturing device of said thin mesh material. 

BACKGROUND 

Figure 26 illustrates a schematic cross-sectional view of general structure of ultrasonic wave oscillation 
type inhaler (atomization device) (101) of atomization type. According to this inhaler (101), a mesh (102) 
having plural numbers of fine mesh holes (103) as illustrated in the Figure 27 is fixed on top part of a 
casing (104); and top plane of oscillator (105) showing a mushroom shape is pressed against lower plane 
of the mesh (102); and lower end part of oscillator (105) is immersed in a chemical solution (107) that is 
retained in a tank (106). In addition, a hole that suctions up chemical solution (108) is arranged at the 
center of oscillator (105) penetrating through its top plane to the lower end plane. 

When said oscillator (105) is oscillated in up/down motion, the mesh (102) that is pressed against 
oscillator (105) at appropriate force resonates with fine oscillation of the oscillator (105). When mesh 
(102) resonates, load generates between said mesh (102) and oscillator (105) to allow suction of chemical 
solution within the tank (106) through the chemical solution suction hole (108) to the top plane of the 
oscillator (105). In this manner, the chemical solution (107) that is suctioned between mesh (102) and 
oscillator (108) passes through fine mesh holes (103) by oscillation of said mesh (102) , and atomized 
chemical solution is sprayed out to outer atmosphere. 

The mesh (102) that is used for above-explained inhaler (101) must be able to convert chemical solution 
to micro-particles (atomization); and therefore, it must be composed of sufficiently fine multiple numbers 
of mesh holes (103) as illustrated in the Figure 27; and material that shows excellent toughness and 
corrosion resistance is required. In addition, in the case of medical treatment device such as said inhaler 

(101) , chemical resistance of the material as well as safety on human body are required. 

As for the method that processes mesh (102) having fine mesh holes (103) in one time, an 
electroforming method, an etching method, or a discharge processing method is known. However, the 
mesh (102) that is manufacturing by electroforming method shows poor corrosion resistance because only 
the specific metals such as nickel (although Au may be used, it is expensive) can be used as said mesh 
material; and in addition, the mesh that is made of nickel (102) cannot be used as medical treatment 
device from the standpoint of safety on human body as it uses heavy metals to restrict its applications. 
Although a method that applies surface treatment such as gold plating on the surface of nickel made mesh 

(102) may be also mentioned, it is not possible to totally eliminate pin holes of gold plating and the like, 
and it cannot be stated that an elution of nickel can be completely prevented. 

In addition, according to above-explained inhaler (101), effect of reaching a subjected region may vary 
according to the atomized particle diameter; and atomized particle diameter is greatly affected by hole 
shape or cross-sectional shape of the mesh holes (103). Above all, as it is necessary to resonate said mesh 
(102) with the oscillator (105) in the case of above-explained inhaler, thickness of the mesh (102) is 
strictly dominated by the oscillation rate of said oscillator (105). 
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However, according to the mesh manufacturing method by electroforming, there is a correlation between 
mesh material thickness and cross-sectional shape of the mesh holes (103), and because shape of mesh 
holes (103) is restricted based on mesh material thickness, a mesh hole (103) showing a semi-spherical 
cross section only that is illustrated in the Figure 28 could be obtained. In addition, electroforming 
method requires design of mesh holes (103) showing regular arrangement as well as shape illustrated in 
the Figure 28 because shape of mesh holes (103) is restricted based on mesh material thickness. 
Furthermore, optional processing in depth direction of the mesh holes (103) is regarded as difficult; and 
it is not possible to form mesh holes (103) showing optional cross-sectional shapes. 

In addition, according to said electroforming method, design of mesh holes (103) showing regular 
arrangement as well as shape as illustrate in the Figure 27 is required due to its structural restriction; and 
it is not possible to form mesh holes (103) showing an irregular arrangement. 

In addition, according to said etching method or discharge processing method, because it is difficult to 
vary the hole diameter of mesh holes (103) in its depth direction, it provides a straight-shaped mesh holes 
(103) as illustrated in the Figure 29 that does not allow forming of mesh holes (103) with optional cross- 
sectional shape on the mesh (102); and as a result, it has been not possible to provide, for instance, a 
sufficient tapering to the mesh holes (103). 

This invention was completed based on the defects of prior art explained above; and its objective is to 
offer a mesh with optional cross-sectional shapes of the mesh holes and does not particularly limit the 
type of mesh materials used as long as it is of thin material, and in particular, allows use of such mesh 
material showing excellent corrosion resistance or chemical resistance, and safety on human body; and to 
offer manufacturing technologies of the same. 

DISCLOSURE OF THIS INVENTION 

This invention's thin mesh material has characteristics as such that on a thin material, plural numbers of 
fine through holes showing high aspect ratio are formed through an irradiation of UV ray beams. As for 
this thin material, for instance, thin polymer materials, thin ceramic materials, or thin metal materials and 
the like may be used. 

In addition, the manufacturing method of this invention's thin mesh material has characteristics as such 
that it processes plural numbers of fine through holes on a thin material through an irradiation of UV ray 
beam. 

According to above-explained manufacturing method, it is all right to irradiate plural UV ray beams 
which are sufficiently smaller than a to-be processed shape of said through hole, and to move subjected 
work product of thin material and said UV ray beams in a relative manner to form plural numbers of 
through holes with optional cross-sectional shape simultaneously. 

In addition, this invention's manufacturing device for thin mesh material has characteristics as such that 
is equipped with a measure to irradiate UV ray beams which are sufficiently smaller than a to-be 
processed shape of said through holes , and a measure to move subjected work product of thin material 
and said UV ray beams in a relative manner. 
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According to above-explained manufacturing device of thin mesh material, it is all right to have 
following measures as well: a measure to irradiate UV ray beams which are sufficiently smaller than a to- 
be processed shape of said through holes , a measure to memorize processing shape of said through holes, 
a measure to move said UV ray beams and subjected work product of thin material in a relative manner, a 
measure to detect processing position that is arranged on said moving measure, a measure to compare 
and judge position detection signals which hare outputted from said processing position detection 
measure and processing shape that is memorized in said memory measure, and a measure to control said 
moving measure in accordance with processing shape based on the judgment made by said comparison 
and judgment and at the same time to output UV ray beam oscillation signals and beam intensity control 
signals to said irradiation measure. 

In addition, manufacturing method of thin mesh material of this invention has characteristics as such 
that forms through holes with optional cross-sectional shape on a thin materia! through such process that 
arranges plural numbers of aperture patterns showing different aperture shape or aperture diameter on a 
mask, and irradiates UV ray beams which pass through each varied aperture pattern in a sequential 
manner at the same region of said thin material 

Furthermore, the manufacturing of thin mesh material of this invention has characteristics as such that 
has a mask having an arrangement of plural numbers of aperture patterns showing different aperture 
shape or aperture diameter at every set pitch, and this is equipped with a measure to irradiate UV ray 
beams which pass through each aperture pattern of said mask simultaneously on the thin material to form 
images, and a measure to send said thin material at every set pitch. 

According to this manufacturing device of thin mesh material, it is all right to further have a measure to 
cut said thin material with formed through holes . 

In addition, another manufacturing method of thin mesh material of this invention has characteristics as 
such that it processes through holes showing variation in aperture diameter in depth direction by 
projecting images of aperture patterns of the mask on the thin material by UV ray beams, and varying thin 
material and image forming plane of said images in relative and parallel direction with optical axis of said 
UV ray beams. 

Furthermore, this invention's other manufacturing device of thin mesh material has characteristics as 
such that includes a measure to generate UV ray beams, a mask having openings of aperture patterns, a 
projection optical system that projects said images of aperture patterns on a subjected product of thin 
material, and at the same time, it is capable of varying the projection magnification rate, and a measure to 
move said thin material in parallel direction to the optical axis of said UV ray beams. 

In addition, this invention's one other manufacturing method of thin mesh material has characteristics as 
such that forms aperture patterns by piling at the least two sheets of sub-masks having apertures to form 
aperture patterns by piling said apertures, and varies dimension of apertures of said aperture patterns by 
changing piling level of said apertures, and provides through holes on the thin material by UV ray beams 
which pass through said aperture patterns. 

Furthermore, this invention's one another manufacturing device of thin mesh material has 
characteristics as such that includes a measure to generate UV ray beams, a mask that is formed by piling 
at the least two sheets of sub-masks having apertures and is capable of changing aperture dimension of 
aperture patterns formed by piling of said apertures through changing the level of piling of said sub- 
masks, a measure to vary level of piling of said sub-masks, and a projection optical system that irradiates 
UV ray beams which pass through said aperture patterns onto a subjected product of thin material. 
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According to the thin mesh material relating to this invention, because it is not particularly restricted for 
the types of mesh material as long as they are of thin materials, it is possible to use, for instance, polymer 
thin materials or ceramic thin material, or metal thin materials showing corrosion resistance and chemical 
resistance to give a soft mesh showing excellent corrosion resistance as well as chemical resistance. 
Above all, because it is possible to use thin materials of many varieties of raw materials, it is possible to 
select the optimum mesh material according to applications. For instance, when using for medical 
treatment device and equipment, mesh may be manufactured by using such materials as polysulfone or 
polyester and the like which are safe on human body and show excellent corrosion resistance and 
chemical resistance. In addition, mesh material such as, for instance, polyimide and the like may be used 
for physiochemical device and equipment. 

In addition, according to the manufacturing method of thin mesh material of this invention, because fine 
through holes are processed through irradiation of UV ray beams on a thin material, it is possible to apply 
a fine mesh process using optional thin materials as raw materials. Above all, it is possible to form 
through holes showing optional pore shape or optional cross-sectional shapes by controlling the moving 
pattern of thin material, or scanning pattern of UV ray beams and the like. In particular, it is possible to 
provide a tapering process in either step-like manner or smooth manner to the through holes. 

Furthermore, when UV ray beam that is sufficiently smaller than a to-be processed shape of through 
holes are irradiated, and through holes are processed by moving said UV ray beams and thin material in 
relative manner, it is possible to form through holes with optional shapes by scanning method of UV ray 
beams regardless of the mask for beam shaping; and time that is required for preparation of mask switch 
can be eliminated. Above all, when plural number of UV ray beams are used, it is possible to form plural 
numbers of through holes in one time to enable to shorten the processing time. 

In particular, it is possible to automate manufacturing of thin mesh material having prescribed mesh 
holes in following manners: a mask having an arrangement of plural numbers of aperture patterns 
showing different aperture shapes or aperture diameter is used, and UV ray beams which are shaped in 
accordance with each varied aperture pattern are irradiated successfully on the thin material, it is possible 
to change processing shapes of through holes by processing depth. And therefore, it is possible to apply a 
multi-stage mesh process that is controlled at high precision on the thin material to arrange through holes 
with optional cross-sectional shapes. In particular, when plural number of aperture patterns showing 
different aperture shapes or aperture diameter are arranged on the mask as every set pitch, it is possible to 
process plural number of through holes in one time to not only shorten the processing time, but also 
productivity of the mesh improves. In addition, said productivity can be further improved when a long 
thin material showing a hoop-like shape and the like is used to, and this thin material is cut after mesh 
processing. 

In addition, when it is designed to change image forming plane of UV ray beams and thin material in 
parallel direction to optical axis of UV ray beams in relative manner, it is possible to change level of 
defocusing of UV ray beams to vary projected area of UV ray beams on the thin material. And therefore, 
when a distance between image forming plane and thin material is continuously changed with time, it is 
possible to change the hole diameter in a continuous and smooth manner by processing depth to enable to 
easily manufacture tapered through holes of which inner circumference planes change smoothly. In 
addition, it is also possible to shorten the processing time. 

In addition, when a mask is formed by piling at the least two sheets of sub-masks having apertures, and 
aperture patterns are formed by piling said apertures to change dimension of apertures of aperture patterns 
by varying the level of piling of said apertures, it is possible to attain significant changes on the size of 
aperture patterns by changing piling level of sub-masks. And therefore, it is possible to form through 
holes showing various dimensions by changing the size of aperture patterns with one type of mask 
without exchanging masks or adjusting the optical system. Above all, it is possible to change the size of 
hole diameter by changing the size of aperture pattern while processing said through holes to enable to 
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form through holes showing such optional cross-sectional shapes as hole diameter changing either 
continuously or irregularly by processing depth in short time. 
BRIEF EXPLANATION OF THE FIGURES 

Figure 1 illustrates principle drawing that shows manufacturing method of mesh by one example of this 
invention. 

Figure 2 (a) and Figure 2 (b) illustrate diagonal views of manufacturing method of mesh by other 
example of this invention. 

Figure 3 illustrates a schematic structural view that shows mesh manufacturing device by other example 
of this invention. 

Figure 4 illustrates a diagonal view that shows method of manufacturing the mesh by mesh 
manufacturing device explained above. 

Figure 5 illustrates a plane view of mesh manufactured by the mesh manufacturing device explained 
above. 

Figure 6 illustrates a plane view of other mesh manufactured by the mesh manufacturing device 
explained above. 

Figure 7 (a) illustrates a view that shows forming method of mesh holes by the mesh manufacturing 
device explained above to indicate cross-sectional shape of subjected mesh hole; and Figure 7 (b) 
illustrates a view of cross-sectional shape of mesh hole that is approximated by a stage-like cross-sectional 
plane; and Figure 7 (b) illustrates a processing image. 

Figure 8 illustrates a view of manufacturing method of mesh by one other example of this invention. 

Figure 9 illustrates a structural view that shows mesh manufacturing device of another example of this 
invention. 

Figure 10 (a) and Figure 10 (b) each illustrates frontal view of mask that is used for the mesh 
manufacturing device explained above. 

Figure 1 1 illustrates schematic diagonal view that shows a state when excimer laser beam is irradiated 
on the thin material by the mesh manufacturing device explained above. 

Figure 12 (a), Figure 12 (b), and Figure 12 ( c ) illustrate cross-sectional views of mesh hole by the 
examples explained above; and Figure 12 (d) illustrates cross-sectional view that shows finished mesh 
hole. 

Figure 13 illustrates a structural view that shows mesh manufacturing device by one other example of 
this invention. 

Figure 14 illustrates a structural view that shows one example of projection optical system of above 
explained. 

Figure 15 (a) and Figure 15 (b) both illustrate relationship of processing position (defocusing level) of 
images and processing dimension of the mesh manufacturing device explained above. 

Figure 16 (a) illustrates a view that shows changes in defocusing level; and Figure 16 (b) illustrates 
cross-sectional shape of mesh hole shape that is processed when defocusing level is varied as illustrated in 
the Figure 16 (a). 



8 



Figure 17 (a) illustrates changes in defocusing rate; and Figure 17 (b) illustrates cross-sectional view of 
mesh hole shape that is processed when defocusing rate is changes as shown in the Figure 17 (a). 

Figure 18 (a) illustrates changes in defocusing level; and Figure 18 (b) illustrates cross-sectional shape of 
mesh hole shape that is processed when defocusing level is varied as illustrated in the Figure 18 (a). 

Figure 19 illustrates a structural view that shows mesh manufacturing device by one another example of 
this invention. 

Figure 20 illustrates a frontal view that shows sub-mask shape that constitutes the mask explained above. 

Figure 21 (a), Figure 21 (b), and Figure 21 ( c ) illustrate changes in aperture patterns of the mask 
explained above. 

Figure 22 illustrates a frontal view that shows structure of mask drive device that is used for the mesh 
manufacturing device explained above. 

Figure 23 (a), Figure 23 (b), Figure 23 ( c ) and Figure 23 (d) illustrate cross-sectional views of 
processing sequence of mesh hole by the mesh manufacturing device explained above. 

Figure 24 (a), Figure 24 (b), Figure 24 ( c ) , and Figure 24 (d) illustrate cross-sectional view of another 
processing sequence of mesh hole by the mesh manufacturing device explained above. 

Figure 25 illustrates a frontal view of other structure of mask drive device used for the mesh 
manufacturing device illustrated in the Figure 19. 

Figure 26 illustrates a cross-sectional view of structure of an inhaler. 

Figure 27 illustrates a plane view that shows partially enlarged mesh that is used for above-explained 
inhaler. 

Figure 28 illustrates a cross-sectional view of the mesh formed by electroforming method. 

OPTIMUM FORMAT FOR IMPLEMENTATION OF THIS INVENTION 

Figure 1 illustrates basic principles which show manufacturing method of mesh comprising thin material 
by one example of this invention. Excimer laser beam (L) that is discharged from an excimer laser 
oscillator passes through plural number of fine aperture patterns (2) opened on a mask (1) to be beam 
shaped in prescribed beam shape; and then, they are collected by an object lens (3) to irradiate thin 
material (mesh material) (5) comprising, for instance, polymers such as polysulfone, polyester, or 
polyimide and the like that is fixed on a processing stage (4) of XY table device and the like. By doing so, 
reduced images of aperture patterns of the mask 1 are image formed on the thin material (5); and mesh 
holes (6) which are similar to the aperture patterns (2) of the mask (1) are mesh processed on the thin 
material (5) to give a mesh (7). At this time, when focusing distance of object lens is identified as (f), 
distance from object lens (3) to the mask (1) is identified as (u), and distance from object lens (3) to thin 
material (5) on the processing stage (4) is identified as (I), these (u), (v) and (f) must satisfy following 
relationship as conditions to form images of the mask (1) on the thin material (5) based on well known 
lens formula: 

(l/u) + (l/v)= 1/f 

In addition, when reduced rate (=1 /magnification rate) of images of aperture patterns (2) formed on the 
thin film (5) is identified as M, above-explained (u), (v), and (f) may be shown as 
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M = u/v = (u/f)-l. 



And therefore, when said reduction rate (M) is determined, positions (u) and (v) of mask (1) and object 
lens (3) can be determined from the focal distance (f) of object lens (3); and therefore, it is possible to 
form mesh holes (6) which are similar to the aperture patterns (2) of the mask (1) at optional reduction 
rate (M). 

As illustrated in the Figure 1, when a mask having plural numbers of a aperture patterns (2) is used, it is 
also possible to form plural number of mesh holes (6) in one time; and it is all right to form mesh (7) 
having plural numbers of mesh holes (6) by using a mask (1) having one aperture pattern (2) and moving 
the thin material with processing stage (4) to successfully open mesh holes (6) one at a time. 

Figures 2 (a) and (b) illustrate cross-sectional views of manufacturing method of mesh on the thin film 
by another example of this invention. According to this example, first of all, a metal foil (8) is fixed on a 
processing stage (4) as illustrated in the Figure 2 (a), and excimer laser bean (L) is beam shaped by a 
parent mask (10) having one formed aperture pattern (9) through etching and the like; and while moving 
said metal foil (8) with processing stage (4), excimer laser beam (L) is used to process holes of aperture 
patterns (2) on the metal foil (8) in such manner so it would be at similar position to that of the mesh 
holes (6) of the mask (1) to form a mask (1) comprising metal foil (8) having plural number of aperture 
patterns (2) which are the reduction of said aperture pattern (9). Then, thus prepared mask (1) is fixed to 
a mask stage, and thin material (5) of, for instance, polyimide and the like is fixed to the processing stage 
as illustrated in the Figure 2 (b); and plural excimer laser beams (L) which are beam shaped by passing 
through said mask (1) are used to form plural number of mesh holes (6) on the thin material (5) in one 
time to give subjected mesh (7). According to this method, it is possible to form a thin mesh material (7) 
having plural number of mesh holes (6) by starting from the parent mask (1) having only one fairly rough 
aperture pattern (9). 

Figure 3 illustrates a structural view that shows mesh manufacturing device (11) of this invention. 
According to the Figure 3, (12) refers to an excimer laser oscillator, (13) refers to a mask stage that is 
used to adjust the position of mask (1) by holding said mask (1), (14) refers to a projection optical system, 
(15) refers to a total reflection mirror, (16) refers to an object lens that defocuses [note: although original 
document states the term defocuses, it may be a misprint of image forming. Translator's note] images of 
aperture pattern (2) on the surface of thin material (5). (17) refers to a processing step for two- 
dimensional movement such as X-Y stage or r-9 stage that holds thin material (5) and moves in a relative 
manner to the excimer laser beam (L); and (18) refers to a driver circuit of numeral value control type that 
is used to control moving speed or position and the like of processing step (17); and processing step (17) is 
equipped with a processing position detection measure (not shown in the Figure) such as encoder and the 
like that is used to detect the processing position. In addition, (19) refers to a drive control device 
(computer); and it is equipped with a memory measure (20) such as floppy disk device or hard disk device 
to memorize processing shape of the mesh holes (6) which are to be processed, or memory measure (20); 
and it compares and judges position detection signals outputted from the processing position detection 
measure and processing shape memorized in the memory measure (20) to output target position signals of 
processing step (17) to the driver circuit (18) based on that judgment , and at the same time, it outputs 
beam intensity setting signals used to set the intensity of energy and excimer laser beam oscillation signals 
to the excimer laser oscillator (12). (21) refers to a display. 
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The excimer laser beam (L) discharged from the excimer laser oscillator (12) in above-explained manner 
is first beam shaped as prescribed beam pattern by the mask (1), and then, it passes through projection 
optical system (14), and after it is reflected at total reflection mirror (15), it passes through object lens (16) 
to irradiate on the thin material (5) on processing step (17). At this time, position of the mask (1) is 
adjusted by the mask stage (13), and at the same time, focal distance of projection optical system (14) is 
adjusted so the aperture patterns (2) of the mask (1) may be adjusted to be missed and stored [note: 
although original document stages the term missed and stored, it may be a misprint of image forming. 
Translator's note] on the surface of thin material (5) at prescribed reduction rate (M). The drive control 
device (19) moves processing step (17) by driver circuit (18) in sequence as pre-programmed based on the 
shape of mesh holes (6) memorized in the memory measure; and at the same time, it synchronizes and 
controls oscillation of the excimer laser oscillator to process mesh holes (6) as subjected on the thin 
material (5). 

When this mesh manufacturing device (11) is used, mesh (7) is manufactured , for instance, in the 
manner as illustrated in the Figure 4. According to this method, the mask (1) given from the parent mask 
(10) in the same manner as illustrated in the Figure 2 (a) is set on a mask stage (13); and after setting thin 
material (5) on processing step (17), excimer laser beam (L) is passed through the mask (1) to constrict 
this to narrower the size of mesh hole (6), and processing step (17) is moved continuously in an annular 
manner in accordance with mesh hole (6) registered on the memory measure (20) by drive control device 
(19) to open plural number of mesh holes (6) of optional patterns in one time with excimer laser beams 
(L) which are narrower than the mesh hole (6). And therefore, according to this method, there is no need 
to exchange the mask (1) every time when shape of mesh hole (6) changes, and by registering the pattern 
of mesh hole (6) or moving pattern of the processing step (17) in the memory measure (20), it is possible 
to form mesh holes (6) of optional shapes. 

When it is done as explained above, it is possible to form mesh holes (6) in irregular arrangement on the 
mask (1) as illustrated in the Figure 5 by not restricting to the mesh pores with circular shape in regular 
arrangement as illustrated in the Figure 5. It is all right to attain this by forming aperture patterns (2) in 
irregular arrangement on the mask (1) beforehand, or it is also possible to open mesh holes (6) one at a 
time in irregular arrangement. In addition, according to the aperture patterns (2) on the mask (1), it is all 
right to allow mixed presence of mesh holes (6) showing varied size as illustrated in the Figure 5 mesh 
(7). For instance, it is all right to form aperture patterns (2) of the mask (l)in similar shape as that of 
mesh hole (6) of the Figure 6, or it is all right to scan excimer laser beam (L) along the edge 
configurations of the mesh holes (6) shown in the Figure 6. 
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In addition, Figures 7 (a), (b). and ( c ) illustrate cross-sectional views of ideal mesh hole (22) of the 
mesh holes (6) by mesh manufacturing device (1 1) of the Figure 3; and Figure 7 (a) illustrates an ideal 
cross-sectional view of mesh hole (22) that is used as design target; and this mesh hole (22) shows a shape 
that is revolutionary symmetrical centering at axis (P); and its edge is formed of a smooth curved plane. 
When forming mesh hole (22) that is revolutionary symmetrical, it is possible to form mesh holes (6) 
showing optional cross-sectional planes through irradiation of excimer laser beam (L) to a thin material 
(5) while moving the processing step (17) along locus of concentric circular shape and varying processing 
depth at each and every radius ( r ). That is to say, Figure 7 ( c ) illustrates an image of this 
processing; and it processes thin material in a ring form by moving excimer laser beam (L) while drawing 
a concentric circle around one stationary mesh hole (6); and it provides optional stage-like cross-sectional 
planes by varying processing depth at processing position (radius ( r ) from the axis (P)). In addition, 
processing depth is determined by the number of rotation (N) of processing step (17) during irradiation of 
excimer laser beam (L) (irradiation time of excimer laser beam (L) is in proportion to N/v when linear 
speed in circumference direction of the excimer laser beam (L) is identified as v; and in the case of 
movement by processing step (17) such as X-Y stage, linear speed in circumference direction (v) is almost 
constant regardless of processing radius ( r ), and therefore, number of rotation (N) is in correspondence 
with irradiation time of excimer laser beam (L)). And therefore, it is possible to open plural number of 
mesh holes (6) illustrated in the Figure 7 (b) in one time by using a drive control device (19) by replacing 
cross-sectional shape of mesh hole (22) illustrated in the Figure 7 (a) with a stage-like cross-sectional 
plane as illustrated in the Figure 7 (b) and programming processing condition of each stage in such 
manner that radius ( r ) from axis (P) to be based on the number of rotation (N) of the processing step 
(17) to provide irradiation position (r5) and number of rotation (N5) at the top stage, and irradiation 
position (r4) and number of rotation (N4) at the second stage from the top, and irradiation position (r3) 

and number of rotation (N3) at 3 rd stage from the top ((r5), (r4) show variation by beam 

diameter portion of the excimer laser beam). At this time, when processing step numbers of the Figure 7 
(b) is increased to vary radius (rwo) in small gradual manner, it is possible to reduce step difference of 
mesh holes (6) to allow forming of mesh holes (6) showing sufficiently smooth inner circumference; and 
in addition, it is also possible to process mesh hole (22) illustrated in the Figure 7 (a). Furthermore, 
irradiation frequencies of excimer laser beam (L) is weighted by irradiation beam intensity , and it is all 
right to set as total dosage as well. This is because processing speed (processing depth per 1 pulse) can be 
varied to a certain level by energy density in the case of abrasion process (that is to say, process based on 
photo excitation decomposition) by the excimer laser beam (L). In addition, this mesh (7) is used as an 
inhaler (101) illustrated in the Figure 26 by turning top and bottom in a reverse manner to that shown in 
the Figure 7 (b) to set the narrow mesh pore side (6) as out. 

Figure 8 illustrates an explanatory view that explains processing method by another example of this 
invention. When scanning excimer laser beam (L) against thin material (5) in relative manner and 
circumference form, it provides varied pile level of excimer laser beam (L) at inner circumference side 
and outer circumference side of the locus scanned by the excimer laser beam (L); and as a result, effective 
energy intensity of excimer laser beam (L) at inner circumference side becomes greater than that of the 
outer circumference side. Above all, because level of pile of said excimer laser beam (L) varies according 
to processing radius ( r ), even when intensity of excimer laser beam (L) that is discharged from an 
excimer laser oscillator (12) happens to be the same, the effective energy intensity that is the average of 
excimer laser beam (L) that is scanned in a circumference form inner circumference side to outer 
circumference side varies in accordance with processing radius ( r ). And therefore, this example uses 
beam intensity coefficient (k) that is determined by the processing radius ( r ) (average effective energy 
intensity/energy intensity of discharged light) based on the relationship among processing radius ( r ), 
number of rotation (N), and processing depth (d) as shown below (A refers to proportional constant). 

D = A (N x k) 
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That is to say, radius ( r ) from the axis (P) and number of rotation (N) of processing stage (17) are 
programmed in such manner so it would show irradiation position (rl) and number of rotation Nl = 
dl/(Akl) at the center part, and irradiation position (r2) and number of rotation N2 = d2/Ak2 at the 
second step from the center part, and irradiation position (r3) and number of rotation N3 = d3/(Ad3) ...at 
the third step from the center part (however, ki refers to beam intensity coefficient based on processing 
radius (ri)) to enable to open plural number of mesh holes (6) as illustrated in the Figure 8 in onetime by 
using a drive control device (19). Through use of said beam intensity coefficient (k), it is possible to 
control the processing depth (d) with good precision to enable to process mesh holes (6) showing precise 
cross-sectional shapes. 

Figure 9 illustrates a structure of mesh manufacturing device (31) of other example of this invention. 
According to this mesh manufacturing device (31), (12) shows excimer laser oscillator, (13) shows a mask 
stage that holds the mask (32) to provide position adjustment, and (14) shows a projection optical system, 
and (15) shows a total reflective mirror, and (16) shows an object lens; and all show the same structures as 
well as functions as those of the mesh manufacturing device (1 1) illustrated in the Figure 3. On the mask 
(32) that is set to said mask stage (13), plural number of aperture patterns (2a), (2b), ... are arranged at 
every set pitch. For instance, as illustrated in the Figure 10 (a), aperture patterns (2a), (2b), (2c) showing 
different apertures are arranged in successful series to provide (PM) pitch among each center. According 
to the Figure 10 (a), although two sets of aperture patterns (2a), (2b), (2c) are arranged at such offset of 
each Xoff and Yoff in X and Y directions, it is all right to arrange one set [instead of two sets], or it is all 
right to arrange more than three sets of (2a), (2b), (2c) aperture patterns at optional offset rate. 
Furthermore, as illustrated in the Figure 10 (b), it is all right to arrange aperture patterns (2a), (2b), (2c) 
showing different aperture shapes such as round, square, or triangle in successful series manner at every 
set pitch (PM) as well. In addition, (34) shows a sequential sending device that is used to send thin 
material (3) with openings of mesh holes (6) at every set pitch; and (35) shows a cutting device such as 
laser cutting device and the like that is used to cut thin material (33) having openings of mesh holes (6) at 
set length or set shape. Furthermore, (18) shows a driver circuit that is used to control sending rate or 
timing of thin material (33) by said sequential sending device (34); and (19) shows a drive control circuit 
that controls driver circuit (18) and excimer laser oscillator (12) to allow discharging of excimer laser 
beam in synchronous manner with the send timing of said thin material (33). 
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As a result, the excimer laser beam (L) that is discharged from the excimer laser oscillator (12) passes 
through plural number of aperture patterns (2a), (2b), (2c) showing either the dimension of the mask (32) 
or different shapes and are placed on the mask stage (13) to become excimer laser beam with information 
on the mask shape, and enters projection optical system (14). The excimer laser beam (L) is reduced at 
prescribed reduction rate (M) through projection optical system (14), total reflective mirror (15), and 
object lens (16); and that reduced projected image is irradiated to form an image on the hoop-shaped thin 
material (33) that is arranged on the sequential sending device (34) to process said thin material (33). At 
this point, when a mask (32) showing three aperture patterns (2a), (2b), (2c) with different dimension is 
used as illustrated in the schematic diagram Figure 11, and when pitch of inter-images on the thin 
material (33) is (p), this mesh manufacturing device (31) repeats following processes by 1 time irradiation 
of excimer laser beam: a process that works to at least about 1/3 thickness of the thin material (33), and a 
process that successfully sends thin material (33)at pitch (p) by using said sequential sending device (34). 
For instance, when thin material (33) is sent in arrow directions illustrated in the Figure 1 1 and Figure 
12, one mesh hole (6) is processed by the excimer laser beam (L)that corresponds to the large diameter 
aperture pattern (2a) to show a large diameter hole (36) of which depth reaches about 1/3 (make reference 
to the Figure 12 (a)), and after said thin material (33) is sent by [the pitch] (p), it is processed with a 
medium diameter hole (36b) showing about 2/3 depth within said large diameter hole (36a) by the 
excimer laser beam (L) that corresponds to the medium diameter aperture pattern (2b), and after said thin 
material (36) is further sent by (p) [pitch], it is processed with a small diameter hole (36c) that passes 
through said medium diameter holes (36b) by the excimer laser beam (L) that corresponds to the small 
diameter aperture pattern (2c). Through said repeat processing, thin material (33) is processed with mesh 
holes (6) shown in the Figure 12 (d) at set pitch (p). The thin material (33) processed in above-explained 
manner is sent to a cutting device (35); and then it is cut to pre-set shape (for instance, shape that matches 
with an inhaler) or length to manufacture a mesh (7); and thus cut mesh (7) is contained in a stocker 
[transliteration] and the like. It is also possible to take up said thin material (33) in long length form 
without cutting with said cutting device (35) to be wound around a drum and the like by using a winder. 
In addition, although processing was conducted in sequence from the large diameter holes (36a) according 
to above-explained example, it is all right to process in sequential manner starting from the small 
diameter holes (36c) by sending said thin material (33) in a reverse direction. 

Figure 13 illustrates a structure of mesh manufacturing device by another example of this invention. 
According to Figure 13, (12) shows an excimer laser oscillator, (15) shows total reflective mirror, (1) 
shows a mask having plural number of aperture patterns, (42) shows a projection optical system, and (43) 
shows a processing stage such as Z stage. The excimer laser beam (L) that is discharged from said 
excimer laser oscillator (12) passes through aperture pattern (2) on the mask (1), and is reshaped as 
excimer laser beam (L) that is information on aperture pattern shape; and after its direction is changed by 
said total reflective mirror (15), it enters projection optical system (42). A projected image that is reduced 
at optional rate at the projection optical system (42) is irradiated as missing image [note: although 
original document states the term mission image, it may be a misprint of image. Translator's note] on the 
thin material (5) that is placed above processing stage (43) to process mesh holes (6) on the thin material 
(5). 
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According to above-explained projection optical system (42), it is possible to project an image of aperture 
pattern (2) on a processing plane of the thin material (5) in perpendicular manner; and in addition, it is 
possible to vary the reduction rate of an image; and for instance, a telecentric [transliteration] optical 
system may be used. Figure 14 illustrates one example of structure of above-explained projection optical 
system (42); and the first lens (convex ( ) lens) (44) is arranged immediately after the mask (1) in 
optical path of the excimer laser beam (L), and second lens (imaging lens) (45) is arranged on the optical 
axis of excimer laser beam (L)between said first lens (44)and processing stage (43) to form a so-called 
telecentric optical system. According to this optical system, because it shows a characteristic of image 
distortion rate at center part and surrounding part of the projected image being the same during 
defocusing, it provides a feature of possible uniform defocusing control over an entire processing plane. 
In addition, according to the mesh manufacturing device (41) shown in the Figure 13, although total 
reflective mirror (15) is arranged above the mask (1), it is all right to arrange first lens (44) of the 
projection optical system (42) and mask (1) in a horizontal optical path, and to arrange total reflective 
mirror (15) in between first lens (44)and second lens (45). 

In addition, the excimer laser beam (L) is irradiated perpendicularly toward processing stage as 
illustrated in the Figure 13 to enable processing stage (43) to ascend/descend in top/down directions, that 
is to say, to enable to move in parallel direction with optical path of the excimer laser beam (L); and this 
processing stage (43) is driven and controlled by the drive control device (19) and driver circuit (18). The 
drive control device (19) also has a mean to memorize drive pattern to enable to control defocusing rate of 
projected image is controlled by moving processing stage (43) in up/down manner in accordance with pre- 
programmed pattern as well as to provide a synchronous control on oscillation of the excimer laser 
oscillator (12). 

And therefore, when aperture diameter of the mesh holes (6) is set to be (d) on the image plane (0 
defocusing rate) in the mesh manufacturing device (41) explained above, when processing stage (43) is 
driven to move the position of thin material (5) as illustrated in the Figure 15 (a), and processing is 
conducted on a defocus plane that is away by ± zl from the imaging plane of projected image , the image 
becomes expanded to enlarge processing dimension; and when processing is conducted on defocus plane 
that is away by ± z2 (however, Z2 > Zl) from an imaging plane , image becomes further expanded to 
further enlarge processing dimension. It is possible to find out processing dimension at any optional 
defocus position by studying above-explained correspondence in numerical details; and for instance, as 
illustrated in the Figure 15 (b), it is possible to obtain the relationship of processing position (or defocus 
rate) and processing dimension (or process distortion). 

According to above-explained mesh manufacturing device (41), when, for instance, defocus rate of 
projected image is varied in time-wise manner as illustrated in the Figure 16 (a) by controlling processing 
stage (43), it is possible to process mesh holes (6) showing linearly tapered form as illustrated in the 
Figure 16 (b). In addition, when , for instance, defocus rate of projected image is changed as illustrated 
in the Figure 17 (a) by controlling processing stage (43), it is possible to process mesh holes (6) showing 
tapered shape of [spin] top type as illustrated in the Figure 17 (b). Furthermore, when, for instance, 
defocus rate of projected image is varied as illustrated in the Figure 18 (a) by controlling processing stage 
(43), it is possible to process mesh holes (6) showing tapered shape of keg type as illustrated in the Figure 
18(b). 
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Figure 19 illustrates a structure of thin mesh material manufacturing device (51) of other example of this 
invention. According to Figure 19, (12) shows an excimer laser oscillator, (52) shows a mask drive device 
that drives mask as well as adjusts position of the mask (53) by holding this mask (53), (14) shows a 
projection optical system, (15) shows a total reflective mirror, (16) shows an object lens that forms an 
image of aperture pattern (58) on the surface of thin material (5), (17) shows a processing stage on which 
said thin material (5) is placed and moves relatively against excimer laser beam (L), (18) shows a driver 
circuit that controls moving position of processing stage (17), and rate of the mask (53) that is driven by 
the mask drive device (52), and (19) shows a drive control device. In addition, drive control device (19) 
has a mean (20) of recording drive pattern to control processing stage (17) and mask drive device (52) in 
accordance with the pre-programmed pattern, and at the same time, it provides a synchronous control to 
the oscillation of excimer laser oscillator (12). 

Figure 20 illustrates a frontal view of structure of above-explained mask (53). The mask (53) is 
constructed in a form of closely piled one pair of sub-masks (54), (55); and on both sub-masks (54), (55), 
plural numbers of apertures (56), (57) which are in the same shapes are arranged by same rows to form 
aperture patterns (58) at the region where apertures (56), (57) of both sub-masks (54), (55) are piled in 
through manner. And therefore, two sub-masks (54), (55) are designed to mutually and totally pile 
apertures (56), (57); and during such time, the aperture rate of the aperture patterns (58) becomes 100%. 
In addition, it is possible to adjust aperture rate of the aperture pattern (58) in any following optional 
manners by mutually moving the positional relationship of both sub-masks (54), (55): to set the aperture 
rate of aperture patterns (58) as 0% by closing all apertures (56), (57) as illustrated in the Figure 21 (a), or 
to set the aperture patterns (58) at small aperture rate by piling apertures (56), (57) mutually and slightly 
as illustrated in the Figure 21 (b), or to set the aperture pattern (58) at fairly large aperture rate by piling 
apertures (56), (57) mutually and somewhat largely as illustrated in the Figure 21 ( c ). In addition, 
although apertures (56), (57) according to the Figure 20 and Figure 21 show either square shape or 
rhombic shape, there is no need to restrict as rhombic shape, and it may be of other shapes such as 
triangle or hexagon. When it is set as either square shape or rhombic shape as illustrated in the Figures, 
it is possible to gain variation in similar figures even when with varied dimension of the aperture pattern 

(58) . 

Figure 22 illustrates a frontal view of concrete structure of mask drive device (52) that is used to vary the 
aperture rate of aperture patter (58) by driving above-explained mask (53). Sub-masks (54), (55) are each 
fixed to separate holders (59), (60) which are arranged to the right and left; and they are supported with a 
possible smooth parallel movement by a support mechanism (61) such as linear bearing and the like. In 
addition, precision send screws (64), (64) are fitted to male screw holes (62), (63) arranged on the holders 

(59) , (60); and precision send screws (64), (64) are linked with pulse step motors (66), (66) through 
couplings (65), (65). And therefore, according to this mask drive device (52), pulse step motors (66), (66) 
on the right and left are controlled by. the same phase to allow both sub-masks (54), (55) to move mutually 
toward opposite side by the same distance. As a result, because apertures (56), (57) of both sub-masks 
(55), 955) are moved mutually in symmetrical manner, center of the aperture pattern (58) would not move 
to maintain optical axis of excimer laser beam (L) that passes through each aperture pattern (58) as 
constant. 

And therefore, when above-explained mesh manufacturing device (51) is used, it is possible to process 
mesh of mesh pores showing varied aperture diameter in the depth direction in the manner as illustrated 
in the Figure 23. That is to say, appropriate depth process is applied to the thin material (5) over a large 
area while aperture rate of the aperture patterns (58) set as 100% as illustrated in the Figure 23 (a); and 
then, mask drive device (52) is driven to carve said thin material (5) at appropriate depth over a smaller 
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area as illustrated in the Figure 23 (b) while aperture pattern (58) of the mask (53) is slightly closed ; and 
this thin material (58) is further carved at further smaller area as illustrated in the Figure 23 ( c ) while 
aperture pattern (58) of the mask (53) is further closed; and lastly, said thin material (5) is penetrated 
through at further smaller area as illustrated in the Figure 23 (d) while aperture pattern (58) of the mask 
(53) is further closed to form plural number of mesh holes (6). 



In addition, sequence of processing said mesh holes (6) may be in reverse mariner to the Figure 23 as 
well. That is to say, size of aperture pattern (58) of the mask (53) may be increased gradually to spread 
the size of mesh holes (6) gradually as illustrated in the Figures 24 (a), (b), ( c ) and (d) to form mesh 
holes (6) with subjected shapes. As illustrated in the Figures 24, because tapering is formed naturally at 
the step part of small holes which are processed earlier, it shows an effect of smooth aperture diameter 
change over entire mesh holes(6). In addition, although size of aperture pattern (58) is varied in 4 steps 
according to the Figures 23 and 24, when size of aperture pattern (58) of the mask (53) is varied by, for 
instance, every 1 shot of excimer laser beam (L), it is possible to provide further fine control to enable to 
form mesh holes (6) with further smooth internal circumference planes. In addition, there is no need to 
drive the mask (53) in time-wise discontinued manner; and when mask (53) is driven continuously, it is 
possible to form mesh holes (6) showing smooth cross-sectional shapes. Furthermore, it is all right to 
adjust the mask (53) manually without using said mask drive device (52). 

Figure 25 illustrates a frontal view of mask drive device (71) having other structure that can be used for 
the mesh manufacturing device (51) illustrated in the Figure 19. According to this mask drive device 
(71), side edge parts of both sub-masks (54), (55) are fixed to a pair of holders (72), (73) which are 
position at top and bottom of either one side of the right or left; and each holder (72), (73) is designed as 
capable of smooth horizontal movement by a supper mechanism (74) such as linear bearing and the like. 
In addition, at each a lower plane of the top holder (72) and a top plane of the bottom holder (73), racks 
(75), (76) showing identical pitch are formed respectively; and said racks (75), (76) are facing against 
each other in top and bottom manner , and drive gear (77) that is rotary driven by a drive motor (not 
illustrated in the Figures) is made to fit with said top and bottom racks (75), (76), drive gear (77). And 
therefore, when drive gear (77) is rotated, both sub-masks move in horizontal direction toward opposite 
directions by the same distance to enable to vary the size of aperture patterns (58) formed between 
apertures (56), (57) of both sub-masks (54), (55). 

The mesh that relates to this invention may be used as medical treatment device such as an inhaler 
illustrated in the Figure 26 when it is prepared of a material such as polysulfone or polyester that is safe to 
men's body. In particular, when it is used as an inhaler, effects on affected region varies because arrival 
distance to the affected region varies by the particle diameter of atomization ; and although particle 
diameter of atomization is significantly dominated by the shape of mesh pores, it is possible to attain mesh 
holes showing the optimum cross-sectional shapes for atomization according to this invention. In 
addition, it is possible to change the shape of mesh holes in accordance with application on affected 
regions even in the case of the same frequency of oscillator to enable to use one same inhaler to plural 
affected regions by simply changing the mesh. Furthermore, it is also possible to use the mesh formed of, 
for instance, polyimide material for physiochemical device and equipment. 

In addition, although excimer laser oscillator is used as a light source according to above-explained 
example, it is all right to use YAG laser fourth harmonics, parametric oscillation, or UV ray beam and the 
like as well. 

In addition, when above-explained method and device are used, it is possible to manufacture not only 
polymer thin materials but also metal thin plates of other than nickel to prepare a mesh made of metal 
thin plate using a thin plate of, for instance, titanium or stainless and the like, that is safe to men's body. 
Furthermore, it is possible to manufacture said mesh by using a ceramic thin material to be used as said 
thin mesh material as well. 
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POSSIBLE INDUSTRIAL APPLICATIONS 



According to this invention, because it is possible to use optional materials as thin materials for thin 
mesh material, it is possible to prepare a soft mesh showing excellent corrosion resistance and chemical 
resistance that is formed of, for instance, polymer thin material or ceramic thin material and the like; and 
above all, it is possible to select the optimum mesh material according to applications. For instance, 
because it is possible to manufacture mesh by using such materials as polysulfone or polyester and the like 
that is safe to men's body and shows excellent corrosion resistance, it can offer a mesh suited for medical 
treatment device such as inhaler and the like, or device and equipment for food preparation. In addition, 
mesh that is made of polyimide and the like can be also used for physiochemical device and machinery to 
expand the applications of the mesh. 

In addition, because fine through pores are processed by UV ray beam in this invention, it is possible to 
apply a fine mesh processing using any optional type of thin materials. Above all, it is possible to form 
through holes with optional hole shapes or cross-sectional shapes; and is possible to apply a step-like 
tapering or smooth tapering to said through holes. 

Furthermore, according to a processing method of through holes by moving UV ray beam and thin 
material in relative manner, it is possible to form through holes with optional shapes regardless of mask 
shape, and does not require a set-up time for mask change. Above all, when plural UV ray beams are 
used, it is possible to form plural number of through holes in one time to enable to shorten the processing 
time. In addition, automation of mesh processing can be easily done. 

According to a processing method of through holes that uses a mask on which plural number of aperture 
patterns showing varied shapes and diameter and varies processing shapes of through holes by processing 
depth, it is possible to apply a highly precision controlled multi-step fine mesh processing to the thin 
material to enable to arrange through holes showing optional cross-sectional shapes. In particular, when 
plural number of aperture patterns showing varied aperture shapes or aperture diameter are arranged at 
every set pitch, it is possible to process plural number of through holes at the same time to not only 
shorten the processing time, but also productivity of the mesh improves. In addition, productivity shows 
further improvement when a long thin material of hoop shape and the like is used, and said thin material 
is cut after mesh processing. 

In addition, according to a mesh processing method that varies imaging plane of UV ray beam and thin 
material in a relative manner of parallel direction to the optical axis of UV ray beam, it is possible to vary 
the hole diameter by processing depth in continuous manner and smoothly by varying the distance of 
imaging plane and thin material in time-wise and continuous manner to enable to manufacture tapered 
through holes of which inner circumference plane shows smooth change. 

In addition, when mask is driven to vary the size of aperture patterns, it is possible to form through holes 
with various dimensions by changing the size of aperture patterns using one type of mask without having 
to have to adjust the optical system or changing the mask. Above all, it is possible to vary hole diameter 
by varying the size of aperture patterns while processing said through holes to enable to form through 
holes with optional cross-sectional shapes of which apertures are varied either continuously or 
discontinuously by the processing depth in short time. 
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CLAIMS 



1 . A thin mesh material has characteristics as such that fine through holes showing high aspect ratio are 
formed on a thin material through irradiation of UV ray beam. 

2. The thin mesh material according to the claim item 1 , wherein said thin material is of a polymer thin 
material. 

3. The thin mesh material according to the claim item 1, wherein said thin material is of a ceramic thin 
material. 

4. The mesh according to the claim item 1, wherein said thin material is of a metal thin material. 

5. Manufacturing method of thin mesh material has characteristics as such that processes plural number 
of fine through holes on a thin material through irradiation of UV ray beam. 

6. Manufacturing method of thin mesh material has characteristics as such that forms plural number of 
through holes showing optional cross-sectional shapes in onetime through irradiation of plural 
number of UV ray beams which are sufficiently smaller than processing shape of through holes and 
moving said thin material subjected for processing and said UV ray beams in a relative manner. 

7. Manufacturing device of thin mesh material has characteristics as such that is equipped with a 
measure to irradiate UV ray beams which are sufficiently smaller than a processing shape of through 
holes, and a measure to move thin material subjected for processing and said UV ray beams in 
relative manner. 

8. Manufacturing device of thin mesh material has characteristics as such that is equipped with 
following measures: a measure to irradiate UV ray beams which are sufficiently smaller than 
processing shape of through holes, a measure to memory processing shape of said through holes; and 
a measure to move said UV ray beams and thin material subjected for processing in a relative 
manner, and a processing position detection measure arranged on said moving measure; and a 
measure to compare and judge position detection signals outputted from said processing position 
detection measure and processing shape memorized in said memory measure; and a measure that 
controls said moving measure in accordance with processing shape based on the judgment by said 
comparison and judgment measure, and at the same time, to output UV ray beam oscillation signals 
and beam intensity control signals to said irradiation device. 

9. Manufacturing method of thin mesh material has characteristics as such that plural number of 
aperture patterns showing varied aperture shapes or aperture diameter are arranged on a mask, and 
irradiates thin material with UV ray beams which pass through aperture patterns each showing 
variation at the same region to form through holes showing optional cross-sectional shapes on said 
thin material. 

10. Manufacturing device of thin mesh material has characteristics as such that is equipped with 
following measures: a measure that uses a mask with arrangement of plural number of aperture 
patterns showing varied aperture shapes or aperture diameters at every set pitch, and irradiates UV 
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ray beams which pass through each aperture pattern of said mask on a thin material for image 
forming purpose, and a measure to successfully send thin material at every set pitch., 

11. The manufacturing device of thin material mesh according to the claim item 10, wherein has a 
measure to cut said thin material with formed through holes. 



12. Manufacturing method of thin mesh material has characteristics as such that it projects images of 
aperture patterns of the mask onto the thin material through UV ray beams, and varies thin material 
and imaging plane of said image in the direction that is parallel to optical axis of UV ray beams in 
relative manner to processes through holes showing varied aperture diameter in depth direction. 

13. Manufacturing device of thin mesh material has characteristics as such that is equipped with 
following measures: a measure to generate UV ray beams; a measure that uses a mask having formed 
aperture patterns, a projection optical system that can projects images of said aperture patterns on a 
thin material that is a processing subject, and at the same time, is capable of varying projection 
magnification rate; and a measure to move said thin material in parallel direction to the optical axis 
of UV ray beams. 

14. Manufacturing method of thin mesh material has characteristics as such that is conducted by piling at 
the least two sheets of sub-masks having apertures to form aperture patterns by said piling of 
apertures, and allows aperture dimension of said aperture patterns to vary by changing piled rate of 
said apertures, and processes through holes on the thin material by transmitting UV ray beams 
through said aperture patterns. 

15. Manufacturing [note: although original document does not state device, it may be omitted by mistake. 
Translator's note] of thin mesh material has characteristics as such that is equipped with following 
measures" a measure to generate UV ray beams; a measure that uses a mask formed by piling at the 
least two sheets of sub-masks having apertures, and allows variation of aperture dimension of said 
aperture patterns formed by piling said apertures by changing piled level of said sub-masks; and a 
measure that changes piled level of said sub-masks; and a measure that uses projection optical system 
that irradiates UV ray beams which pass through said aperture patterns on a thin material that is a 
processing subject. 



Figures 1 through 29 

A: beam intensity setting signal, B: excimer laser beam oscillation signal, C: driver circuit, D: imaging 
plane, E: processing dimension, F: set dimension, G: processing position, H: defocus rate, I: time, 
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(57) Abstract 

The present invention provides meshes and a 
manufacturing method which enable one to use wide 
varieties of materials excellent in anticonosiveness, 
chemical resistance and safety for a human body and 
to form the mesh holes and the cross section in arbitrary 
shapes. A light beam emitted by an excimer laser 
oscillator (12) is shaped by a an aperture pattern (2) 
and irradiated through an optical system comprising an 
objective (3) on a thin material (5) composed of high 
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fixed on a work stage (4). The image of the aperture 
pattern (2) projected on the thin material (5) drills a 
plurality of mesh holes. This process can be applied to, 
for example, the thin mesh (7) for an inhaler. 
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